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Optimum Bus Headway for Preemption
A Simulation Approach

SNEHAMAY KHASNABIS AND RAMA K. RUDRARAJU

Preemption techniques are designed to provide preferential treatment for
buses at signalized intersections. A preemption strategy, if properly
designed, can provide continuous green phases for buses at successive
intersections, thereby reducing travel times and delays along the bus
route. However, the length of delay incurred by all the vehicles in the sys-
tem may be affected by the different bus headways under preemption
operation. Unfortunately, no formal technique is available to assess the
cumulative delay consequences of bus headways. The application of a
simulation model, NETSIM, to test the effect of different headways is
presented. NETSIM was selected because it can microscopically simu-
late vehicular movements on a street network and because an animation
feature within NETSIM is available that allows the user to track an indi-
vidual vehicle from the source to the sink. A major bus route in Ann
Arbor, Michigan, was used as the experiment site. The major conclusions
are that NETSIM can generate delay data at various levels of aggrega-
tion (e.g., link, node, and route) that can be used to assess the operational
consequences of bus headways under preemption conditions. For the vol-
ume levels studied in the project, the savings in delay along the bus route
resulting from preemption appears to be a good measure for determining
the optimum headway.

Preemption techniques are designed to provide preferential treatment
for buses at signalized intersections. Uncertainties resulting from
variations in passenger boardings and deboardings at bus stops
make the prediction of the exact arrival times of buses at intersec-
tions extremely difficult. The location of bus stops also affects the
ability of buses to travel through intersections uninterrupted. A
preemption strategy, if properly designed, may provide continuous
green phases for buses at successive intersections.

A preemption system includes instrumented buses, detectors,
sensing devices, and a real-time traffic-control device. The system
should be able to detect an approaching bus, predict its exact arrival
time at the intersection, and communicate the information to the sig-
nal control for necessary action. Preemption can be granted only if
the amount of preemption needed by the bus to clear the intersection
does not exceed a specified maximum value. With the emergence of
intelligent transportation systems (ITS), preemption appears to be a
viable tool for providing priority for buses even though a system
with all the listed features does not currently exist (1,2).

Three broad categories of preemption strategies are possible:
green extension (GE), red truncation (RT), and red interruption (RI).
In GE, the green phase on the bus route can be extended
by a specified amount. RT allows a premature termination of the red
phase on the bus route. In RI, a short green phase, not contiguous
with the adjacent green, is injected within the red phase along the
bus route; the lack of contiguity in this case calls for an additional
amber phase. In all three cases, the result is an increase of green time
along the main street, allowing the bus to cross the intersection.

PROBLEM STATEMENT

Limited experience with signal preemption in the United States and
Europe suggests that preemption is a workable solution and, if imple-
mented properly, may result in significant operational improvements
along the bus route. It is likely to contribute to reduced delays and
queue lengths and to increased throughput along the bus route. It also
may adversely affect the traffic operation along the cross street by
increasing delays and queue lengths and by reducing throughput. As
discussed in a following section, several studies have used simula-
tion techniques to try to assess the possible consequences of pre-
emption of an intersection or of a series of intersections. Khasnabis
et al. (3) demonstrated the use of the microscopic simulation model
NETSIM to evaluate different bus preemption strategies.

In most transit operations, determination of bus headways is a
policy decision and a specified set of peak and off-peak headways
is followed for bus routes, on the basis of a general understanding
of the route-level demand. But the complex interaction between
vehicles of different classes and traffic control devices may have
varying effects on system operation for different bus headways. Par-
ticularly if the transit operator is considering preemption to improve
bus operation, an objective decision on bus headways is desirable.
Very little work is reported in the literature to address the question
of the optimum bus headway for preemption operation. Research
reported in this paper attempts to address this gap.

In this paper, the authors present a simulation approach in which
the microscopic model NETSIM was used to examine the possible
consequences of different headways for bus preemption operation. A
series of intersections on a major bus route in Ann Arbor, Michigan,
was selected for this demonstration.

BACKGROUND

TRAF-NETSIM is a microscopic simulation model designed to
depict the dynamics of traffic operation on an urban network (4). It
uses a fixed-time, discrete-event approach to model the movement
of each vehicle in the network as it travels along the links, crossing
the intersections controlled by various devices. The model computes
a wide range of measures of effectiveness (MOEs) as the vehicles
interact with one another and respond to the control devices. The
user has the option to vary roadway features including volume, net-
work geometry, turning movements, signal timing, and offsets. The
MOEs generated by the model are expected to reflect the effect of
the changes in these input variables.

NETSIM has been applied as an evaluation tool for many situa-
tions ranging from complex, multimodal networks to simple, isolated
intersections (5). The focus of these studies has ranged from the eval-
uation of traffic control and geometric alternatives to the assessment
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of NETSIM itself as an analytic tool. Among the studies to test alter-
native geometric and control strategies are the works of Maki and
Branch; Schafer; and Bruce and Hummer (6–8). Other researchers
have tested NETSIM on drawbridges (9), light rail transit (10),
approaches to congested urban networks (11), and real estate devel-
opment (12). More recently, studies to address the issue of variabil-
ity of NETSIM output have been conducted by Kim and Messer (13),
Rathi and Santiago (14), Chang and Kanaan (15) and Rathi (16).

Despite the comprehensive application of NETSIM to assess var-
ious traffic and geometric situations, very little effort is reported in
the literature on its use in transit operations. Among the few studies
reported are those of Yedlin and Lieberman (17) and Smith (18).
Yedlin and Lieberman in 1981 attempted to assess the benefits to
transit operations of implementing bus signal priority strategies
through the use of NETSIM. Smith developed an algorithm for 
NETSIM to allow signal preemption by buses in 1985. This algo-
rithm later was programmed into the model by FHWA and tested by
comparing NETSIM output with the results obtained from manual
implementation of bus preemption at an intersection. However, little
is reported in the literature on the application of this model.

METHODOLOGY

The primary purpose of the research project that serves as the basis
of this paper was to develop a procedure for assessing operational
consequences of signal preemption (3). A review of the literature on
traffic simulation models led to the selection of NETSIM because
of its versatile features, its ability to microscopically simulate vehic-
ular movements on a street network, its long record as a powerful
traffic simulation tool, and the availability of animation features.
This decision was made although there are only limited applications
of NETSIM with a bus as the primary vehicle.

Experiment Site

A major transit corridor [Routes 4 and 9, Ann Arbor Transportation
Authority (AATA)], Washtenaw Avenue, located in southeast
Michigan 40 mi west of Detroit, was selected as the experiment
site. It connects the central business district (CBD) of a small town,
Ypsilanti, with the western end of the city of Ann Arbor, utilizing
a transfer point at the Ann Arbor CBD. The transit ridership along
this corridor is approximately 2,000 per day, with the entire AATA
system carrying approximately 14,000 passengers daily.

Following an examination of the geometric and traffic features, a
decision was made to concentrate on a portion of the eastern section
of the transit corridor (Route 4) consisting of 11 signalized inter-
sections as the experiment site. The sections near the CBDs at the
two ends of the bus route were excluded because of high pedestrian
volume and close intersection spacing. Buses are operated on this
route at 15- and 30-min headways during peak and off-peak periods,
respectively.

After further examination, the experimental site was limited to
seven successive intersections for an approximate corridor length
of 3 km (1.84 mi) (Figure 1). Several intersections at either end of
this segment were eliminated because the signals were either actu-
ated or semiactuated. Preemption of actuated signals was beyond
the scope of the project. Table 1 lists the seven intersections along
with relevant traffic and roadway data.

NETSIM Calibration

Initial validation efforts were directed toward testing the sensitivity of
the model output to changes in input variables and parameters. On
completion of a series of sensitivity analyses, calibration efforts con-
centrated on comparing the model output with observed traffic data.
As a part of this effort, roadway data on traffic volume, roadway geo-
metrics, and traffic operational features were collected from the site.
The model calibration process consisted of using these data as input
and running NETSIM by selectively changing model parameters until
the model output compared favorably with the observed data. Queue
and delay data were used as MOEs for comparison purposes. Detailed
results of the calibration were presented by the authors elsewhere (3).

NETSIM Application

After calibration, the model was used to test the consequences
of three sets of headways under various preemption strategies.
NETSIM, in its current form, cannot be applied directly for such
purposes. However, the vehicle-generation process within NETSIM
ensures that a bus is generated in the stream so that the specified
headway is maintained. The animation feature of the model was used
for this research. The effect of the bus preemption of a series of inter-
sections as it travels from the source to the sink along the target
direction was assessed over a 2-hr simulation period.

The animated graphic version was used to track the subject bus
from the source to the sink for the base case and for the preemption
case. For the preemption case, the arrival time of the bus at each
intersection was noted. If it arrived during the green phase, nothing
was done. If it arrived during the red phase, the signal-timing data
were changed so that the bus would cross the intersection provided
that the additional green time needed did not exceed a specified max-
imum of 10 sec. Either a GE or an RT was used depending on the
arrival time of the bus relative to the signal phase. The RI strategy
was not explored because the cycle length of 70 sec was considered
too short and would warrant additional amber phases of 5 sec. A total
of 2 hr of simulation was conducted for each headway group for the
base condition and preemption condition by using the calibrated
model. The simulation results were used to test the sensitivity of
delays to bus headways.

RESULTS

The MOE used in the evaluation of bus headways is person-minutes
of delay. However, a direct comparison of the person-minutes of
delay in the base and preemption cases would not constitute a valid
analysis because of the unequal number of vehicles likely to be
processed during the two cases. Hence the MOE in the preemption
case was corrected through a normalization procedure using the
following relationship:

where

VT1 = total vehicle trips in base case,
VT2 = total vehicle trips in preempted case, and

Dp = total delay (person-minutes) in preempted case.

corrected delay (person-minutes) for preempted case
( / )= ∗VT VT Dp1 2
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FIGURE 1 Link node diagram.

The following assumptions were made in the model application
process:

1. Average bus occupancy, 40 persons per bus;
2. Average car occupancy, 1.4 persons per car;
3. Cycle length, 70 sec;
4. Preemption, 10 sec;
5. Bus headway, 15 min; and
6. Target direction, eastbound (from Forest to Manchester).

Three pairs of headways (15-min, 10-min, and 7.5-min), each
consisting of base case and preemption case and each case consist-
ing of two batches, were simulated using the animation version of
NETSIM. Ideally, the average bus occupancy should have been
adjusted upward or downward, depending on an increase or de-
crease in headways, to reflect actual transit demand. For each base
case, buses on the main street in the eastbound direction (the target
direction) were tracked from the source to the sink, with input data
that reflect the current traffic, roadway, and operational character-
istics for a 2-hr simulation period. The present version of NETSIM

has a maximum of 19 time periods for each run, which makes it
impossible for the user to complete a 2-hr simulation in one batch.
Because of this limitation, the 2-hr simulation was conducted in two
batches.

Next, for the same set of conditions and random number seed, the
preemption case was simulated. As the bus approached an intersec-
tion, a check was made to determine if it needed and qualified for
preemption. If the answers to both were positive, preemption was
granted and the procedure was continued to the following intersec-
tions until the bus crossed the last intersection. Not all buses in need
of preemption may qualify for it because preemption can be granted
only if the amount of preemption needed to clear the intersection
does not exceed a maximum value.

Figure 2 presents the means for granting preemption by the
method described for a 15-min headway operation for the first batch.
Note that the target for the subject bus is from Intersection 7 to Inter-
section 1. Figure 2 provides the arrival time of each bus at the
intersections for the base case and the preemption case. In the pre-
emption case, the first bus arrives at Intersection 5 at the 66th sec,
toward the end of the red phase. The red phase is 28 sec long, with a
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TABLE 1 Seven Intersections with Traffic and Roadway Data

cycle length of 70 sec. An RT of 10 sec allows the bus to travel
through the intersection without stopping and to arrive at Intersection
4 on the 62nd sec. An RT of 10 sec allows the bus to cross Inter-
section 4 and arrive at Intersection 3 at the 45th sec, toward the end
of the green phase. At Intersection 3, a 10-sec GE allows the bus to
travel through without stopping. The bus arrives at the last two inter-
sections during green phases so that it can travel through the corridor
without stopping at any intersection. For the remaining buses, which
are released every 15 min, a similar procedure was followed to
provide these buses continuous green phases at all the intersections.

After the preemption is granted, the arrival times of the bus at the
following intersections change from those in the base case. Also, in
both the base case and the preemption case, the bus is allowed to
pick up and drop off the same number of passengers at the bus stops.
Necessary boarding and deboarding times are accounted for in the
computation of the bus arrival time. Results of the simulation are
presented at three levels of aggregation.

Link-Level Results

In Table 2, results of Batch 1 of the 10-min headway operation are
presented at the link (approach) level for all seven intersections.
Similar information for Batch 2 is presented in Table 3, to show a
complete 2-peak-hr simulation. A comparison in the delay data (in
person-minutes) between the base case and preemption case is pre-
sented in the last column. As a general rule, a reduction in delay in
the eastbound Main Street direction (target direction) is expected. A
smaller reduction in the westbound Main Street direction also is
expected. Along the cross street, increases in delay are expected for
obvious reasons. The last column in Tables 2 and 3 illustrates that
the trends in the percent change in person-minutes of delay are in

the expected direction. Similar information at the link level for the
other two headway groups, 7.5 min and 15 min, was compiled but
is not presented here.

Node-Level Results

Results of the simulation are presented at the node (intersection)
level for each of the seven intersections in Table 4, which illustrates
that in most cases a reduction in delay at the intersection level
ranges from a low of 0.2 percent to a high of 15.5 percent. In a few
cases unwarranted increases in delay at the intersection level are
observed. Also, the significant delay and the batch-to-batch varia-
tion in delay at the Stadium Drive intersection are directly attribut-
able to the large peak-hour volume on Stadium Drive. Traffic data
presented in Table 1 show that the volume on Stadium Drive is
significantly higher than that on other cross streets.

Route-Level Results

Information at the route level is presented in Table 5, disaggregated
by the following four categories: main street target direction, main
street both directions, cross street both directions, and main street
and cross street combined. Table 5 indicates that there was a decrease
in delay for the main street not only in the target direction, but also
when both directions are combined. In the latter case, the amount 
of reduction is somewhat smaller for obvious reasons. Further, a
decrease in delay along the cross direction is observed, although this
was not expected. Last, when all the directions are combined, a
decrease in delay is observed, indicating that decreases on the main
street clearly outweigh increases along the cross street.
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FIGURE 2 Five preempted buses (15-min headway).

Comparative Headway Analysis

Tables 2 through 5 present the consequences of preemption for a
10-min headway operation for different levels of aggregation. Sim-
ilar data were generated for 15 min and 7.5 min of headway with all
other input variables and parameters unchanged but are not included

here. A comparative analysis of the delay data at different headways
is presented in Tables 6 and 7.

Table 6 presents an intersection-level analysis and can be used
to trace changes in delay at each intersection resulting from
changes in headways. Similar changes in delay at the route level
can be observed from the data presented in Table 7, which 
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TABLE 2 Comparison of MOEs for Preemption and Base Cases, Batch 1 (10-min Headway)

illustrates that if reducing delay along the target direction is the
objective, a 10-min headway produces the best results. Since the
entire preemption operation was conducted with the main street
eastbound direction as the target direction, such an objective
should be logical. Note that a 10-min headway also produces the
best results when reduction in delay along the main street for both

directions is the objective. If reduction in delay for the main street
and all cross streets is the objective, a 7.5-min headway should be
considered the best alternative. However, these observations must
be tempered by the limited simulation data base used. A decision
to arrive at an optimal headway can be made only after repeated
simulation runs for these different headway groups.
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TABLE 3 Comparison of MOEs for Preemption and Base Cases, Batch 2 (10-min Headway)

CONCLUSIONS

The purpose of this paper is to explore the feasibility of using sim-
ulation as a tool for determining the optimum headway under bus
preemption operation. The animation version of NETSIM was used
to track buses between a series of intersections on a simulated net-
work. A major bus route in Ann Arbor, Michigan, was used as the

experiment site. Actual traffic and roadway data from this site were
used as model input. Before its application NETSIM was validated
with field data. The conclusions of this paper are the following:

1. By using the animation process within TRAF-NETSIM, buses
may be tracked from the source to the sink along the target direction
and the buses may be used as subject vehicles as they interact with



TABLE 4 Comparison of Person-Minutes of Delay at Intersection Level (10-min Headway)

TABLE 5 Comparison of Person-Minutes of Delay at Route Level (10-min Headway)

TABLE 6 Change in Person-Minutes of Delay Between Base and Preemption Cases, Intersection Level
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all other vehicles on the simulated roadway. This method appears to
be a valid way to assess consequences of signal preemption.

2. By using the tracking mechanism, the batch process may be
used to compile operational statistics over a 2-hr simulation period
for the base condition and the preemption condition.

3. The batch process can be used to assess the operational con-
sequences of varying bus headways under preemption conditions.
However, a larger number of simulation results are desirable before
optimum headways can be statistically validated.

4. For the volume levels studied, the limited number of simula-
tions, and the three sets of bus headways simulated, the 10-min head-
way appears to produce the largest reduction in delay (compared with
the base condition and the preemption condition) for all vehicles
along the target direction, as well as for all vehicles along the bus
route (both directions combined). Whether these reductions justify
the implementation of preemption cannot be determined without a
comprehensive benefit-cost analysis. It is possible, however, to con-
clude from the limited simulation data that signal preemption does
not have any adverse effect on delay.

5. The procedure proposed for testing the operational conse-
quences of varying bus headways under preemption conditions
appears workable. However, further testing is recommended before
such a process is formalized.
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